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(54) SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF 



(57) A method for manufacturing a semiconductor 
device having projection elecirodes on the surface of a 
semiconductor substrate. This method include an elec- 
trode forming step of forming the projection electrodes 
on the surface of the semiconductor substrate, a step of 
forming a protective resin layer on the whole surface of 
the semiconductor substrate provided with the projec- 
tion electrodes, a back side grinding step of thinning the 
semiconductor substrate by polishing or grinding the 
back side of the semiconductor substrate, and 
a surface grinding step of exposing the projection elec- 
trodes by polishing or grinding the surface side of the 
semiconductor substrate. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 J The present invention relates to a method for 
manufacturing a thin-type semiconductor device. Fur- 
ther, the present invention relates to a semiconductor 
device having a structure in which a semiconductor chip 
is bonded onto the surface of a solid device (for exam- 
ple, a wiring substrate or another semiconductor chip), 
and a method for manufacturing the same. 
[0002] Further, the present invention relates to a sem- 
iconductor device ^h\ch is advantageous to be three- 
dimensionally packaged and a method for manufactur- 
ing the same. 

•Background Art 

[0003] A back side grinding step for grinding the back 
side Gf a semiconductor wafer (hereinafter referred to 
simply as wafer) in order to thin a semiconductor chip 
has been conventionally performed. The back sice 
grinding stec has been generally performed by adhering 
a soft protective film onto the surface of a wafer, then 
urging the wafer against a grinder through the protective 
film, and rotating the wafer in this state. 
[0004] However, in a cutting out step fcr cutting indi- 
vidual semiconductor chips out of the- wafer, the wafer 
is handled by a robot. Further, in a step i'or mounting 
each cut-out semiconductor -hip on a lead frame, the 
semiconductorchip Is handled by a robot. Therefore, ex- 
cessive pursuit of thinning of a semiconductor chip 
causes the wafer or the semiconductor chip to be bro- 
ken, so that the yield rate is reduced. Especially nowa- 
days, since wafers become large-diametered, wafers 
thinned by the back side grinding treatment are apt to 
be broken. 

[0005] In order to solve these problems, for example, 
in the Japanese Unexamined Patent Publication 
(KOKAI)No. 11-150090(1999), it is proposed that after 
forming a group of projection electrodes on the surface 
of a wafer, a resin layer is formed on this surface of the 
wafer to use the resin layer as a protective and reinforc- - 
ing plate. According to the method of manufacturing a 
semiconductor device disclosed in this Publication, after 
forming a resin layer the back side of a wafer is ground, 
and further the surface layer section of the resin layer 
is removed by etching. Thereby, the projection elec- s 
trodes are exposed. Thereafter, the resin layer is re- 
moved aiong a scribed line, and further, a nitride iayer 
as a protective layer is formed in the region avoiding the 
projection electrodes. Then, the wafer is cut along 
scribed lines to cut out individual semiconductor chips. 5 
[0006] According to this method, a wafer, after its back 
side being ground, is reinforced by a resin layer, and 
each semiconductorchip is reinforced by the resin layer. 



And in each semiconductor chip, the projection elec- 
trodes functioning as external connection electrodes are 
embedded in the resin layer. Thereby the wafer and the 
semiconductor chip can be satisfactorily handled with- 
5 out being broken, and at the same time, the semicon- 
ductor device can be remarkably thinned in comparison 
with a structure in which outer terminals are pulled out 
by wire-bonding or the like. 

[0007] However, it is necessary to perform etching in 
'0 order to expose the projection electrodes . At the time 
of etching, etching conditions must be determined so as 
to surely expose all of the projection electrodes, and 
therefore, the etching step is complicated and takes 
much time. 

is [0008] Furthermore, according to the above-men- 
tioned manufacturing method of the prior art ; there is a 
problem that a wafer is warped because of the differenc- 
es between the thermal expansion/contraction coeffi- 
cients of the wafer and the resin layer during the time 
?0 after forming the resin layer on the wafer and before 
grinding the back side of the wafer. Such a warped wafer 
is exaggeratedly shown in Fig. 1 6. When such a warped 
wafer is ground by a flat grinder, the wafer after being 
ground has different thicknesses at the central region 
' 5 and the peripherai region thereof respectively. Conse- 
quently, semiconductor chips each having a uniform 
thickness cannot be obtained and in addition, some- 
times a semiconductor chip cut out of the central region 
of the wafer may not be thinned to a desired thickness. 
o [0009] On the other hand, one of structures capable 
of heightening the substantial integration density of a 
semiconductor device is a chip-on-chip structure. In a 
semiconduc:or device having a chip-on-chip structure, 
for example, as shown in Fig. 1 9, a secondary chip 1 02 
5 is bonded face-down onto the surface of a primary chip 
101, and external connection electrodes 103 are provid- 
ed on the backside of the primary chip 1 01 . Such a chip- 
on-chip structure is advantageous to obtain a high inte- 
gration density of the elements. However, in addition to 
> the thicknesses a, b of the primary chip 101 and the sec- 
ondary cnip 102, the height c of the external connection 
electrodes is required. Therefore, it is a defect that the 
whole height (a+b+c) becomes relatively high. 
[0010] Further, it is proposed that the space occupied 
by a semiconductor device is reduced by thinning a 
semiconductor package and three-dimensionally pack- 
aging or mounting the same. 

[001 1 ] Fig. 20 is a sectional view showing an example 
of a structure of a semiconductor device 70 proposed 
for the above-mentioned purpose. In the semiconductor 
device 70, a thin semiconductorchip 72 is disposed in 
a punched portion of a tape-shaped substrate 7i, and 
the active surface (the upper surface in Fig. 20) of the 
semiconductor chip 72 is sealed with a protective resin 
73. Inner leads 74 are connected to the. semiconductor 
chip 72 by single point bonding. The connection be- 
tween the semiconductorchip 72 and an outer packag- 
ing substrate 80 is achieved by outer leads 75 connect-. 
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ed to the inner leads 74 on the substrate 71 . The three- 
dimensional packaging of the semiconductor device 70 
is performed by connecting the outer leads 75 to the 
packaging substrate 80 respectively. 
[0012) However, in this structure, it is necessary to in- 
dividually connect outer leads 75 of each semiconductor 
device 70 to the packaging substrate 80. Therefore, the 
three-dimensional packaging steps are complicated 
and hard to perform. 

[0013] Further, in this structure, since the outer leads 
75 are pulled outwardly, there is a problem that the area 
occupied by the whole of the semiconductor device 70 
becomes relatively large. 

SUMMARY OF THE INVENTION 

[0014] A first object of the present invention is to pro- 
vide a method for manufacturing a semiconductor de- 
vice capable of surely exposing projection electrodes by 
a simple step, and therefore capable of simplifying the 
whole manufacturing steps of the semiconductor de- 
vice. 

[0015] A second object of the present invention is to 
provide a method for manufacturing a semiconductor 
device capable of satisfactorily performing a back side 
grinding treatment of a semiconductor substrate by pre- 
venting . the semiconductor substrate from being 
warped, and thereby capable of favorably manufactur- 
ing a thin-type semiconductor device. 
[001 6] A third object of the present invention is to pro- 
vide a thin-type semiconductor device having a struc- 
ture in which a semiconductorchip is bonded onto a sol- 
id device (for example, chip-on-chip structure), and a 
method for manufacturing the same. 
[0017] A fourth object of the present invention is to 
provide a semiconductor device which is advantageous 
to be three-dimensionally packaged or mounted, and a 
method for manufacturing the same. 
[0018] A method for manufacturing a semiconductor 
device according to a first aspect of the present inven- 
tion comprises an electrode forming step of forming pro- 
jection electrodes on the surface of a semiconductor 
substrate, a step of forming a protective resin layer on 
the whole surface of the semiconductor substrate pro- 
vided with the projection electrodes, a back side grind- 
ing step of thinning the semiconductor substrate by pol- 
ishing or grinding the back side of the semiconductor 
substrate, and a surface grinding step of exposing the 
projection electrodes by polishing or grinding the sur- 
face of the semiconductor substrate. 
[0019] Either the back side grinding step or the sur- 
face grinding step may be performed first. 
[0020] According to the present invention, the projec- 
tion electrodes formed on the surface of the semicon- 
ductor substrate can be exposed by the surface grinding 
step comprising polishing or grinding the protective res- 
in layer so formed as to cover the surface of the semi- 
conductor substrate. Therefore, the projection elec- 



trodes can be exposed more simply, surely and in a 
shorter time than by etching. In the back side grinding 
step and the surface grinding step, the protective resin 
layer serves to reinforce the semiconductor substrate. 
5 Consequently, if the semiconductor substrate is ground 
to become thin in the back side grinding step, the sem- 
iconductor substrate can be handled without hindrance. 
[0021] In such a manner, a thin-type semiconductor 
device can be manufactured by a simple manufacturing 
10 process and the productivity can be increased. 

[0022] On the semiconductor substrate, a plurality of 
elements constituting a plurality of semiconductor de- 
vices may be formed. In this case, preferably, a plurality 
of groups of projection electrodes for the plurality of 
*5 semiconductor devices are formed in the electrode 
forming step, and the semiconductor substrate after 
completing the surface grinding step and the back side 
grinding step is cut to cut out pieces of semiconductor 
devices. 

[0023] According to this method, a plurality of semi- 
conductor devices (semiconductor chips) are formed on 
a semiconductor substrate (semiconductor wafer). Be- 
fore cutting out individual semiconductor devices from 
the substrate, the semiconductor substrate is subjected 
to the back side grinding treatment and the surface 
grinding treatment. In this case, the semiconductorsub- 
strate before reaching the cutting out step is reinforced 
by the protective resin layer on its surface. Therefore, if 
the semiconductor substrate has a small thickness, it is 
prevented from being broken when handled. Further, in 
the cutting out step, the semiconductor substrate is pro- 
tected by the protective resin layer and prevented from 
being broken. 

[0024] A method for manufacturing a semiconductor 
device according to a second aspect of the present in- 
vention comprises a step of forming a surface resin layer 
on the surface of a semiconductor substrate, a step of 
forming a back side resin layer on the back side of the 
semiconductor substrate, and a back side grinding step 
of thinning the semiconductor substrate by removing the 
back side resin layer, through polishing or grinding, from 
the semiconductor substrate provided with the surface 
resin layer and the back side resin layer, and further pol- 
ishing or grinding the back side of the semiconductor 
substrate from which the back side resin layer has been 
removed. 

[0025] Either the surface resin layer or the back side 
resin layer may be formed first, and the two layers may 
be formed at the same time. However, preferably, the 
surface resin layer and the back side resin layer are 
formed at such a short time interval that a warp of the 
semiconductor substrate, if caused, is insignificantly 
small. Otherwise, in order to prevent the semiconductor 
substrate from being significantly warped in the interval 
between forming the surface resin layer and forming the 
back side resin layer, the semiconductor substrate pro- 
vided with either one layer is preferably put in a temper- 
ature-controlled environment till the other layer is 
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formed. 

[0026] According to this invention, since resin layers 
are formed on both of the surface and the back side of 
the semiconductor substrate, thermal expansion/con- 
traction are equally caused in the surface and the back 
side of the semiconductor substrate. Consequently in 
the back side grinding step, the semiconductor sub- 
strate is not in an undesirably warped state. Thus the 
back s.de grinding step can be satisfactorily performed 
so that the semiconductor substrate can be uniformly 
thinned in both of the central and peripheral regions As 
a result, a thin-type semiconductor device can be favo- 
rably manufactured. 

[0027] An embodiment of the present invention fur- 
ther comprises a cutting out step of cutting out individual 
pieces of semiconductor devices by cutting the semi- 
conductor substrate along cutting lines after completing 
the back side grinding step. 

[0028] According to this method, a plurality of pieces 
of semicondu ctor devices are cut out of the minned sem- 
iconductor substrate. In this case, since the semicon- 
ductor substrate is uniformly thinned all over, pieces of 
thin-type semiconductor devices each having a uniform 
thickness can be obtained. 

[0029] The method may further comprise an electrode 
forming step of forming projection electrodes on the sur- 
face of the semiconductor substrate, and a surtax 
gnndmg step for odlishing or grinding the surface resin 
layer so as to expose the projection electrodes from the 
surface resin layer. In this case, either the electrode 
form.ng step or the surface grinding step may be per- 
formed first. The cutting step is applied to the semicon- 
ductor substrate after completing the surface grindinc 
step and the back side grinding step. 
[0030] A semiconductor device of a first aspect of the 
present .nvention comprises a first semiconductor chio 
(an example of a solid device), a second semiconductor 
chip bonded onto the surface of the first semiconductor 
chip, projection electrodes for external connection 
formed on the surface of the first semiconductor r hip 
and a protective resin for sealing the surface of the first 
semiconductor chip in the state in which the head por- 
tions of the projection electrodes are exposed there- 
from. 

[0031] In this structure, the second semiconductor 
chip is bonded onto the surface of the first semiconduc- 
tor ch.p. And the projection electrodes are formed on the 
same surface of the first semiconductor chip and the 
surface of the first semico nductor chip is sealed with the 
protective resin in the state in which the head portions 
of the projection electrodes are exposed. Consequently, 
tne «hoie height of the semiconductor device can be 
reduced in comparison with a case in which external 
connection electrodes are provided on the back side of 
the first semiconductor chip. As a result, a thin-type 
chip-on-chip semiconductor device can be realized 
[0032] The head portions of the projection electrodes 
may be in the same plane with the protective resin or 



may be protruded from the surface of the protective res- 
in. Further, as long as the head portions of the orojection 
electrodes are exposed, the head portions of the pro- 
jection electrodes may be depressed inwardly from the 
5 surface of the protective resin. 

[0033] Further, the second semiconductor chip may 
be embedded in the protective resin, or an inactive sur- 
face or a part of each side surface of the second semi- 
conductor chip may be exposed from tne protective res- 
1U in. 

[0034] A chip-on-chip type semiconductor device 
having the above-mentioned structure can be manufac- 
tured by a method comprising a chip bonding step of 
bond.ng a plurality of semiconductor chips face-down e 
g. onto the surface of a semiconductor substrate with 
their active surfaces opposed to the surface of the sem- 
iconductor substrate, an electrode forming step of form- 
ing a plurality of projection electrodes on the surface of 
the semiconductor substrate, a resin sealing step of 
sealing, with a protective resin, the semiconductor ch,p 

andtheexpcsedsurfaceofthesemiconductorsubstrate 
after forming the projection electrodes in such a manner 
that the head portions of the projection electrodes are 
exposed, and a cutting out step for taking out pieces of 
- chip-on-chip type semiconductor devices by cutting the 
semiconductor substrate alone the predetermined cut- 
ting lines. 

[0035] According to this method, a plurality of semi- 
conductor chips are bonded onto the surface of the sem- 
iconductor substrate, and at the same time, a plurality 
o projection electrodes are formed on the same surface 
of the semiconductor substrate. Therefore, in th* state 
of a semiconductor substrate (semiconductor wafer) 
ending of the semiconductor chips and forming of the 
projecrion electrodes can be performed. And thereafter 
by cutting pieces of chip-on-chip type semiconductor 
cevices out of the semiconductor substrate, a plurality 
of chip-on-chip type semiconductor devices can be ef- 
ficiently manufactured. 
40 [0036] Since the surface of the semiconductor sub- 
strate ,s sealed with the protective resin and the semi- 
conductor chips are bonded face-down onto the surface 
of the semiconductor substrate, the surface of the sem- 
.conductor substrate and each surface (active surface) 
of the semiconductor chip are sufficiently protected 
Consequently, it is possible to realize a thin-type semi- 
conductor package having a height nearly equal to the 
sum of the thicknesses of the semiconductor substrate 
and the semiconductor chip mounted thereon 
50 [0037] Further, by polishing or grinding the back side 
of the semtconductor substrate and the back surface 
s.ae (inactive surface side) of the semiconductor chip 
by a^nnder or the like, before a cutting out step, at need 
a thinner semiconductor device can be obtained. 
55 [0038] The above-mentioned resin sealing step pref- 
erably includes an electrode exposing step of exposing 
trie head portions of the projection electrodes by remov- 
ing the surface layer section of the protective resin 
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Thereby, the projection electrodes can be surely ex- 
posed. 

[0039] The surface layer section of the protective res- 
in may be removed by grinding using a grinder or the 
like, but another method such as etching may be ap- 5 
plied. 

[0040] The above-mentioned electrode exposing step 
preferably includes a chip grinding step of simultane- 
ously polishing or grinding the protective resin and the 
inactive surface side of the semiconductor chip. There- w 
by, the projection electrodes can be surely exposed and 
at the same time the semiconductor chip can be thinned. 
[0041] A semiconductor device according to the sec- 
ond aspect of the present invention comprises a sub- 
strate (an example of a solid device), a semiconductor 15 
chip bonded face-down onto the surface of the substrate 
with its active surface opposed to the surface of the sub- 
strate, projection electrodes formed on and protruded 
from the surface of the substrate onto which the semi- 
conductor chip is bonded, and a protective resin for seal- 20 
ing the projection electrodes and the semiconductor 
chip in such a manner that the head portions of the pro- 
jection electrodes are exposed. 

[0042] The projection electrodes arc preferably pro- 
vided surrounding the semiconductor chip (as close as 25 
possible to the semiconductor chip). 
[0043] Further, the above-mentioned substrate is 
preferably a thin-type substraie such as a tape-shaped 
substrate or the like. 

[0044] According to this invention, a semiconductor 30 
chip and projection electrodes functioning as external 
connection electrodes are provided on the surface on 
the same side of a substrate . In this structure, by form- 
ing through holes in the substrate for enabling the elec- 
trical connection from the back side of the substrate to 35 
the base potions of the projection electrodes, a plurality 
of three-dimensionally stacked semiconductor devices 
can be easily electrically connected to one another 
through the through holes. 

[0045] Besides, by using projection electrodes , the ar- <*o 
ea occupied by a semiconductor device can be reduced, 
and the lengths of the wirings of connecting three-di- 
mensionally packaged or mounted semiconductor de- 
vices to one another can be shortened. 
[0046] The above-mentioned through holes are pref- 45 
erably formed at the positions right below the projection 
electrodes. 

[0047] The above-mentioned semiconductor device 
can be manufactured by a method comprising a chip 
bonding step of bonding a semiconductor chip face- 50 
down on the surface of a substrate with its active surface 
opposed to the surface of the substrate, an electrode 
forming step of forming a plurality of projection elec- 
trodes on the surface of the substrate so as to be pro- 
truded from the surface of the substrate, and a resin 55 
sealing step of sealing, with a protective resin, the sem- 
iconductor chip and the projection electrodes in such a 
manner that the head portions of the projection elec- 



trodes are exposed. 

[0048] According to an embodiment of this method, a 
plurality of semiconductor chips are bonded onto the 
substrate in the chip bonding step, and a plurality of 
groups of projection electrodes corresponding to the 
plurality of semiconductor chips are formed in the elec- 
trode forming step. And by cutting the substrate along 
the predetermined cutting lines, pieces of semiconduc- 
tor devices are cut out. 

[0049] By this method, a plurality of semiconductor 
devices can be manufactured at the same time. 
[0050] In this case, the resin sealing step is preferably 
performed so as to seal the plurality of semiconductor 
chips and the plurality of projection electrodes as a 
whole. The protective resin for sealing the plurality of 
semiconductor chips may be integrated or separated for 
each semiconductor chip. When the protective resin for 
sealing the plurality of semiconductor chips is integrat- 
ed, preferably the protective resin and the substrate are 
cut at the same time in the cutting out step. Therefore, 
it is preferable to perform the cutting out step after the 
resin sealing step. 

[0051] The resin sealing step may include a step of 
sealing, with a protective resin, the projection electrodes 
and the semiconductor chips, and a step of removing 
the surface layer section of the protective resin so as to 
expose the head portions of the projection electrodes. 
[0052] Preferably the above-mentioned method for 
manufacturing a semiconductor device may further 
comprise a step of thinning the semiconductor chip by 
polishing or grinding the inactive surface of the semi- 
conductor chip. In this step, the whole of the device may 
be thinned by polishing or grinding the protective resin 
at the same time. 

[0053] Preferably, for performing three-dimensional 
packaging or mounting, the method further comprises a 
step of forming through holes in the substrate for ena- 
bling the electrical connection from the back side of the 
.substrate to the base portions of the projection elec- 
trodes. In this case, the through holes are preferably 
formed at the positions right below the projection elec- 
trodes. 

[0054] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of embodiments of the present invention given 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] 

Figs. 1 (a) to 1 (e) are schematically sectional views 
showing steps in order of a method for manufactur- 
ing a semiconductor device according to a first em- 
bodiment of the present invention. 
Fig. 2 is a schematically perspective view of a sem- 
iconductor device manufactured by the method of 
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Figs. 1(a) to 1(b). 

Figs. 3(a) to 3(f) are schematically sectional views 
showing steps in order of a method for manufactur- 
ing a semiconductor device according to a second 
embodiment of the present invention. 
Fig. 4 is a schematically perspective view of a sem- 
iconductor device manufactured by the method of 
Figs. 3(a) to 3(e). 

Fig. 5 is a perspective view showing the structure 
of a semiconductor device according to a third em- 
bodiment of the present invention. 
Figs. 6(a) to 6(e) are sectional views showing steps 
in order of a method for manufacturing the semicon- 
ductor device of Fig.5. 

Fig. 7 is a sectional view showing the structure of a 
- semiconductor device according to another embod- 
iment of the present invention. 
Fig. 8 is a sectionai view shewing the structure of a 
semiconductor device according to a further em- 
bodiment of the present invention. 
Fig. 9 is a sectional view explaining steps of a meth- 
od for manufacturing a semiconductor device ac- 
cording to a further embodiment of the present in- 
vention. 

Fig. 10 is a perspective view showing the structure 
of a semiconductor device according to an embod- 
iment of the present invention. 
Figs. 11(a) to 11(f) are sectional views showing 
steps in order of a method for manufacturing the 
semiconductor device of Fig.1 0. 
Fig. 12 is an enlarged sectional view showing the 
structure in the vicinity of the projection electrodes. 
Fig. 13 is a perspective view explaining the three- 
dimensional packaging of the abovementioned 
semiconductor devices. 

Fig. 14 is a perspective view showing the structure 
for connecting specified projection electrodes of a 
specified semiconductor device to a packaging sub- 
strate independently of other semiconductor devic- 
es. 

Fig. 15 is a sectional view showing three-dimen- 
sional packaging of semiconductor devices con- 
taining different-sized semiconductor chips. 
Fig. 16 is a sectional view showing the structure of 
a semiconductor device according to an eighth em- 
bodiment of the present invention. 
Fig. 17 is a sectional view showing the structure of 
a semiconductor device according to a ninth em- 
bodiment of the present invention. 
Fig. 18 is a schematic view explaining a problem of 
warping caused when a resin layer is formed only 
on the surface of a wafer. 

Fig. 1 9 is a schematic view explaining the structure 
of a conventional chip-on-chip type semiconductor 
device. 

Fig. 20 is a sectional view showing an example of 
a three-dimensional packaging of a thin-type sem- 
iconductor device by a prior art. 
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[0056] Figs. 1(a) to 1(e) are schematically sectional 
views showing steps in order of a method for manufac- 
5 tunng a semiconductor device according to an embod- 
iment of the present invention. A semiconductor wafer 
W (hereinafter referred to simply as wafer W) has been 
subjected to a variety of element forming steps wiring 
forming steps and the like, and its surface 1 on an active 
io surface layer region side is covered with a protective lay- 
er (passivation layer) comprising a nitride layer or the 
like. A pad (not shown) for external electric connection 
is exposed from the protective layer. 
[0057] As shown in Fig. 1 ( a ) : a plurality of oroiection 
electrodes T made of, for example, gold (Au) are formed 
on the pad (electrode forming step). Preferably these 
projection electrodes Tare formed by, for example elec- 
trolytic plating, and the height of each projection elec- 
trode T from ihe surface of the protective layer is for 
-° example, about 25 u.m. Each projection electrode T is 
in the form of a cyfinder such as a circular cylinder or a 
rectangular cylinder. In addition to gold, solder and the 
like can be used as the material of the projection elec- 
trodes. 

25 [0058] After forming the projection electrodes t as 
shown in Fig. 1 (b), a protective resin !ayer 3 is formed 
over substantially the whole of the surface of the wafer 
W (protective resin layer forming step). The protective 
resin layer 3 is formed or for example, an epoxy ,-sin 
30 or the like and by Jor example, a screen printing method. 
Preferably, the protective resin layer 3 has a thickness 
capable of embedding the projection electrodes T there- 
into. In concrete, ihe protective resin layer 3 preferably 
has a thickness of about 1 00 urn and such a protective 
35 resin layer 3 can fulfill its function of reinforcing the waf»r 
«rV which has been subjected to the back side grinding 
treatment even after the following surface grinding treat- 
ment. 

[0059] Thereafter, as shown in Fig. 1 ( C ), the back side 
2 or the wafer W is ground, for example, using a grinder 
(back side grinding step) . Thereby the wafer W is 
thinned to a predetermined thickness tw (for example 
tw being about 50 u.m). Since the surface 1 of the wafer 
W is protected by the protective resin layer 3. it is not 
4 5 necessary to use a protective film or the like for protect- 
ing the wafer W in the back side grinding step. 
[0060] Further, as shown in Fig.1 (d), the surface 1 of 
the wafer W is ground similarly using, for example, a 
grinder (surface grinding step). Precisely, the surface of 
the protective resin layer 3 is ground to exoose the head 
portions of the projection electrodes T, and after the pro- 
jection electrodes T are exposed, both of the protective 
resin layer 3 and the projection electrodes T are simul- 
taneously ground. This surface grinding treatment is 
55 performed till the thickness t3 of the protective resin lay- 
er 3 becomes, for example, about 50 urn. After the sur- 
face grinding step is completed, the surface of the pro- 
tective resin layer 3 and the top surfaces of the projec- 
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tion electrodes T are in the same plane. In this surface 
grinding step, the back side of the wafer W must be held 
by, for example, a vacuum chuck device, but it need not 
be particularly protected by a protective film or the like. 
[0061] Thereafter, as shown in Fig. 1(e), the protec- 
tive resin layer 3 and the wafer W are cut by a dicing 
saw 5 along scribed lines, and pieces of semiconductor 
chips C, the perspective view of each of which is shown 
in Fig. 2, are cut out (cutting out step). 
[0062] In the back side grinding step and the surface 
grinding step, the whole of the wafer w is reinforced by 
the protective resin layer 3 formed on the surface 1 of 
the wafer W. Therefore, the wafer W is satisfactorily 
ground without being broken, so that thinning of the wa- 
fer W can be advantageously performed. 
[0063] Further, in handling the wafer W before the cut- 
ting out step and in cutting the wafer W by the dicing 
saw 5, the protective resin layer 3 reinforces the wafer 
W, and therefore, the wafer W and the semiconductor 
chips C are prevented from being broken. Accordingly, 
the wafer W can be thinned to a desired thickness, which 
can contribute to thinning of the semiconductor chips. 
[0064] In the final shape of the semiconductor chip C 
shown in Fig. 2, the protective resin layer 3 protects the 
surface 1 (active surface) of the wafer W. Further, the 
top surfaces of the projection electrodes T are exposed 
from the protective resin layer 3. Therefore, it is not nec- 
essary to package additionally the semiconductor chip 
C. By the abovementioned steps, highly thinned semi- 
conductor package can be obtained. 
[0065] According to this embodiment, as abovemen- 
tioned, it is possible to manufacture thin-type semicon- 
ductor chips C in which the projection electrodes T are 
surely exposed, by simple and short time treatment of 
grinding a wafer W from both sides of the surface and 
the back thereof. This can simplify the process of man- 
ufacturing thin-type semiconductor chips C and contrib- 
ute to the improvement of the productivity thereof. 
[0066] In the abovementioned embodiment, the back 
side grinding step (Fig. 1 (c)) is performed first, and then 
the surface grinding step (Fig. 1 (d)) is performed. How- 
ever, it is possible to perform the surface grinding step 
first and then the back side grinding step. 
[0067] Figs. 3(a) to 3(f) are schematically sectional 
views showing steps in order of a method for manufac- 
turing a semiconductor device according to a second 
embodiment of the present invention. In Figs. 3(a) to 3 
(f), parts corresponding to the parts in Figs. 1(a) to 1(e) 
are given the same reference characters with those of 
the parts in Figs. 1(a) to 1 (e) . 

[0068] A semiconductor wafer W (hereinafter referred 
to simply as wafer W) shown in Figs. 3(a) to 3(e) has 
been subjected to a variety of element forming steps, 
wiring forming steps and the like, and its surface 1 on 
an active surface layer region side is covered with a pro- 
tective layer (passivation layer) comprising a nitride lay- 
er. A pad (not shown) for external electric connection is 
exposed from the protective layer. 



[0069] As shown in Fig. 3(a), a plurality of projection 
electrodes T made of, for example, gold (Au) are formed 
on the pad (electrode forming step). Preferably, these 
projection electrodes T are formed by, for example, elec- 

5 trolytic plating, and the height of each projection elec- 
trode T from the protective layer is, for example, about 
50 ujn. Each projection electrode T is in the form of a 
cylinder such as a circular cylinder or a rectangular cyl- 
inder. In addition to gold, solder and the like can be used 

io as the material of the projection electrodes. 

[0070] After forming the projection electrodes T, as 
shown in Fig. 3(b), a protective resin layer is formed over 
substantially the whole of the surface of the wafer W 
(protective resin layer forming step). The protective res- 

'5 in layer 3 is formed of, for example, an epoxy resin or 
the like and by, for example., a screen printing method. 
Preferably, the protective resin layer 3 has a thickness 
capable of embedding the projection electrodes T there- 
into. In concrete, the protective resin layer 3 preferably 

20 has a thickness of about 1 00 jim and such a protective 
resin layer 3 can fulfill its function of reinforcing the wafer 
W which has been subjected to the back side grinding 
treatment even after the following surface grinding treat- 
ment. 

25 [0071] After forming the protective resin layer 3, a 
back side resin layer 4 is formed over substantially the 
whole of the back side 2 of the wafer W as shown in Fig. 
3(c). Preferably, the back side resin layer 4 is formed of 
the same material as that of the protective resin layer 3 

30 and has a thickness substantially equal to that of the 
protective resin layer 3. Further, the back side resin layer. 
4 can be formed by a similar forming method to that of 
the protective resin layer 3. 

[0072] Preferably/the protective resin layer 3 forming 

35 step and the back side resin layer 4 forming step are 
performed successively or simultaneously in order to 
prevent such a temperature change as causing warping 
of the wafer W. If it is necessary to form the back side 
resin layer 4 a relatively long time after forming the pro- 

40 tective resin layer 3, the wafer W after completing the 
protective resin layer 3 forming step is preferably put in 
a temperature-controlled environment in order to pre- 
vent warping of the wafer W caused by the differences 
between the thermal expansion/contraction coefficients 

45 of the protective resin layer 3 and the wafer W. 

[0073] After the back side resin layer 4 is formed on 
the back side 2 of the wafer W, as shown in Fig. 3(d), the 
surface 1 of the wafer W is ground using, for example, 
a grinder (surface grinding step). Precisely, the surface 

50 pf the protective resin layer 3 is ground to expose the 
head portions of the projection electrodes T, and after 
the projection electrodes T are exposed, both of the pro- 
tective resin layer 3 and the projection electrodes T are 
simultaneously ground. This surface grinding is per- 

55 formed till the thickness t3 of the protective resin layer 
3 becomes, for example, about 40 jim. After the surface 
grinding step is completed, the surface of the protective 
. resin layer 3 and the top surfaces of the projection elec- 
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trodes T are in the same plane. In this back side grinding 
step, the back side of the wafer W must be held by, for 
example, a vacuum chuck device, and at that time the 
back side 2 of the wafer W is protected by the back side 
resin layer 4. 

[0074] Further, as shown in Fig. 3(e), the back stde 
grinding step is performed, similarly, for example, using 
a grinder. In other words, the back side resin layer 4 is 
ground and removed away and further the back side 2 
of the wafer W is successively ground. Thereby the wa- 
fer W is thinned to a predetermined thickness tw (for ex- 
amDle, tw being about 100 um). Since the surface 1 cf 
the wafer W is protected by the protective resin layer 3, 
it is not necessary to use a protective film or the like for 
protecting the wafer W in the back side grinding step. 
[0075] Thereafter., as shown in Fig. 3(f), the protective 
resin layer 3 and the wafer W are cut by a dicing saw 5 
along scribed lines (cutting lines) and pieces of semi- 
conductor chips C , the perspective view of each of which 
is shown in Fig.4, are cut out (curling out step). 
[0076] Sn the back side grinding step and the surface 
grinding step, the whole of the waier w is reinforced by 
the orctective resin layer 3 formed on the surface 1 of 
the wafer W. Therefore, the wafer W is satisfactorily 
ground without being broken, so that thinning of the wa- 
iar W can be advantageously performed. 
[0077] Further, in handling the wafer W before the cut- 
ting out step and in cutting the waier W by the dicing 
saw 5. the protective resin layer 3 reinforces the wafer 
W. and therefore, the wafer W and the semiconductor 
chips C are prevented from being broken. Accordingly, 
the wafer W can be thinned to a desired thickness, which 
can contribute to thinning of the semiconductor chips. 
[0078] In the final shape of the semiconductor chip C 
shown in Fig.4. the protective resin layer 3 protects the 
surface 1 (active surface) of me wafer W. Further, the 
top surfaces of the projection electrodes T are exposed 
from the protective resin layer 3. Therefore, it is not nec- 
essary to oackage additionally the semiconductor chip 
C. 3y the above-mentioned steps, hignly thinned semi- 
conductor packages can be obtained. 
[0079] As mentioned above, in this embodiment, a 
protective resin layer 3 is formed on the surface 1 of a 
wafer W and a back side resin layer 4 is formed on the 
back side 2 of the wafer W. so that thermal expansion/ 
contraction on the surface and the back side of the wafer 
W equally occur. Therefore, in the surface grinding step 
(Fig. 3(d)) and the back side grinding step (Fig. 3(e)), 
warp of the wafer W does not occur. Accordingly, each 
of the protective resin layer 3 and the back side 2 of the 
wafer W can be ground uniformly in any portion of the 
wafer W. As a result, a plurality of chips C cut out by the 
cutting out step (Fig. 3(f)) have a uniform thickness. 
[0080] When a wafer W is, for example, in the state 
immediately after completing the surface grinding step 
as shown in Fig. 3 (d)), the resin layers 3, 4 on the sur- 
face and the back side of the wafer W respectively are 
different in thickness from each other. And if the warp of 



the wafer W caused by the difference in thickness be- 
tween the layers 3,4 becomes a problem, it can be 
solved by holding the surface and the back side of the 
wafer by, for example, a chuck. Afterthe back side grind- 
5 ing step is completed, the protective resin layer 3 is suf- 
ficiently thinned, so that undesirable warp of the wafer 
W can be prevented from occurring. 
[0081] Though the surface grinding step (Fig. 3(d)) is 
performed first and then the back side grinding step (Fig. 
10 3(e)) is performed in the above-mentioned embodiment, 
the surface grinding step may be performed after the 
back side grinding step. However, for the purpose of 
grinding a protective resin layer 3 uniformly in any por- 
tion of the wafer W, it is preferable to perform the surface 
is grinding step first. 

[0082] Fig.5 is a perspective view showing the struc- 
ture of a semiconductor device according to a third em- 
bodiment of tne present invention. The semiconductor 
device 10 has a chip-on-chip structure in which a sec- 
20 ondary chip 0 (the second chip) is bended face-down 
onto the surface (active surface) of a primary chip M (the 
first chip) with the surfaces (active surfaces) of the two 
chips M,D opposed to each other. Each of the primary 
chip M and the secondary chip D is formed of, for ex- 
25 ample, a silicon chip, and active elements such as a 
transistor, passive elements such as a resistance and a 
capacitor,' wiring or the like are formed on the surface of 
each chip. 

[0083] In this embodiment, each of the primary chip 
so M and the secondary chip D is formed in a rectangular 
shape when viewed in pian ; and. the secondary chip D 
is somewhat smaller than the primary chip M when 
viewed in plan. A plurality of projection electrodes (cy- 
lindrical electrodes in this embodiment) T functioning as 
35 external connection electrodes are provided in a region 
surrounding the secondary chip C on the surface (active 
surface) ci the primary chip M. 
[0084] The region, in which the secondary chip D or 
the projection electrodes T are not provided, of the sur- 
40 face of the primary chip M is sealed with a protective 
resin (for example, epoxy resin) 11 so as to protect the 
surface of the primary chip M. Since the surface of the 
secondary chip D is opposed to the primary chip M and 
. the side surfaces of the secondary chip D are sealed 
45 with the protective resin 11, the secondary chip D is pro- 
tected from outside. 

[0085] In this embodiment, the protective resin 1 1 , the 
top surfaces of the projection electrodes T and the in- 
active surface of the secondary chip D are in the same 
so plane. 

[0086] The semiconductor device 10 with such a 
structure can be formed to be an extremely thin semi- 
conductor device having a height nearly equal to the 
sum of the thicknesses of the primary chip M and the 
55 secondary chip D. Therefore, a thin-type chip-on<:hip 
semiconductor device can be realized. 
[0087] Figs. 6(a) to 6(e) are sectional views showing 
steps in orderpf a method for manufacturing the above- 
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mentioned semiconductor device 10. A protective layer 
(passivation layer) comprising a nitride layer or the like 
is formed on the surface (active surface) Wa of a sem- 
iconductor wafer W (hereinafter referred to simply as 
wafer W) as a semiconductor substrate. And pads of in- 
ternal wiring are exposed from a plurality of portions of 
the protective layer in which external connections are 
required. As shown in Fig. 6 (a) , a plurality of projection 
electrodes T and a plurality of bumps B are formed on 
these pads (electrode forming step). The projection 
electrodes T are formed on the pads for external con- 
nection, while the bumps B are formed on the pads for 
chip-to-chip connection to be connected to the second- 
ary chip D. The projection electrodes T and the bumps 
B can be formed of the same material and they are pref- 
erably formed of an oxidization-resisting metal, for ex- 
ample, gold. Further, the projection electrodes T are 
preferably formed to be higher than the bumps B. 
[0083] Thereafter, as shown in Fig. 6(b), the second- 
ary chip D is bonded face-down onto the surface Wa of 
the wafer W with the surface (active surface) Da of the 
secondary chip D opposed to the surface Wa of the wa- 
fer W (chip bonding step). And then, the surface Wa of 
the wafer W. the projection electrodes T and the bumps 
B are resin-sealed with a protective resin 1 1 (resin seal- 
ing step) At this time : the head portions of the projection, 
electrodes T and/or the back side (inactive surface) Db 
of the secondary chip D may be left exposed from the 
protective resin 11 . as long as the exposed portions of 
the surface Wa of the wafer W are covered with the pro- 
tective resin 11. 

[0089] Then, as shown in Fig. 6(c), the back side (in- 
active surface) Wb of the wafer W is polished or ground 
by a grinder, thereby further thinning the semiconductor 
device. 

[0090] Thereafter, as shown in Fig. 6(d), the projec- 
tion electrodes T are exposed by polishing or grinding 
the protective resin 11 by a grinder (electrode exposing 
step) . Further after the grinding position reaches the 
inactive surface Db of the secondary chip D, the protec- 
tive resin 11 and the inactive surface Db of the second- 
ary chip D are simultaneously polished or ground (chip 
grinding step), thereby further thinning the secondary 
chip D and the protective resin 11 . 
[0091] After that, as shown in Fig. 6(e), the wafer W 
and the protective resin 11 are cut along scribed lines 
(cutting lines) L by a dicing saw 1 5. As a result, pieces 
of semiconductor devices 10 having a structure shown 
in Fig. 5 are cut out, in each of which a secondary chip 
D is bonded onto a primary chip M cut out of the wafer W. 
[0092] Either of the step of Fig. 6(c) and the step of 
Fig 6(d) may be performed first, and the step of Fig. 6 
(c) may be omitted if unnecessary. 
[0093] According to this embodiment, as mentioned 
above, a secondary chip D is bonded onto a primary chip 
M before the primary chip M is cut out of a wafer W, and 
projection electrodes T functioning as external connec- 
tion electrodes are formed on the surface Wa of the wa- 
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fer W on which the secondary chip D is bonded. Further, 
by cutting the wafer W with its surface Wa protected by 
a protective resin 1 1 , pieces of packaged semiconductor 
devices 10 having a chip-on-chip structure can be ob- 
5 tained. Therefore, it is possible to efficiently manufac- 
ture thin-type chip-on-chip semiconductor devices. 
[0094] In the above-mentioned embodiment, the pro- 
tective resin 1 1 , the projection electrodes T and the in- 
active surface Db of the secondary chip D are in the 
io same plane. However, the head portions of the projec- 
tion electrodes T may be protruded from the surface of 
the protective resin 11 as in the fourth embodiment 
shown in Fig. 7. Further, the inactive surface Db side of 
the secondary chip D may be protruded from the pro- 
's tective resin 11 as in the fifth embodiment shown in Fig. 
8. The structures shown Figs. 7 and 8 can be formed, 
for example, by sufficiently thinning the protective resin 
1 1 . In these cases, if the protective resin 11 tends to ad- 
here to the head portions of the projection electrodes T, 
the protective resin adhered to the head portions of the 
projection electrodes T can be removed by polishing or 
grinding by a grinder or etching. 
[0095] Further, in the above-mentioned embodiment, 
the projection electrodes Tare higher than the inactive 
surface Db of the secondary chip D. However, the height 
of the projection electrodes T may be lower than the in- 
active surface Db of the secondary chip D, as in the sixth 
embodiment shown in Fig. 9 (the height being, for ex- 
ample, less than 100 urn). Even in this case, after the 
back side grinding step (grinding to the position indicat- 
ed by a solid line) and the surface grinding step (grinding 
to the position indicated by a two dots and dash line) are 
completed, the same structure as that .of the first em- 
bodiment can be obtained. By making low the height of 
the projection electrodes T, the projection electrodes T 
can be easily formed in a short time and the material 
thereof can be reduced. Thereby the productivity can be 
improved and the manufacturing cost can be reduced. 
However, in order to grind simultaneously the secondary 
chip D and the projection electrodes T and thereby make 
their surfaces in the same plain, the height of each pro- 
jection electrode T formed at the beginning is preferably 
higher than the active surface Da of the secondary chip 
D. 

[0096] Further, in the above-mentioned embodiment, 
an example is described in which a secondary chip D is 
bonded to a primary chip M. However, two or more sec- 
ondary chips D may be bonded. to a primary chip M. 
[0097] Further, though each of the projection elec- 
trodes T is in the form of a cylinder in the above-men- 
tioned embodiment it may be in the form of a bump. 
[0093] rurthermore : in the abovementioned embodi- 
ment, the primary chip M and the secondary chip D are 
formed of silicon semiconductors, respectively. Howev- 
er, in addition to silicon semiconductors, semiconductor 
chips formed of other arbitrary materials such as gallium 
arsenic semiconductors or germanium semiconductors 
can be applied to a semiconductor device according to 
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the present invention. In this case, the semiconductor 
materials of the primary chip M and the secondary chip 
D may be the same or different from each other. 
[0099] Fig. 1 0 is a perspective view showing the struc- 
ture of a semiconductor device according to the seventh 
embodiment of the present invention. The semiconduc- 
tor device 20 has a structure in which a semiconductor 
chip C is bonded face-down onto the surface of a tape- 
shaped wiring substrate 21 such as a polyimide sub- 
strate or a glass epoxy substrate with the active surface 
of the semiconductor chip C opposed to the surface of 
the substrate 21 . In this embodiment, the semiconductor 
chip C is formed in a rectangular shape when viewed in 
plan. A plurality of projection electrodes (cylindrical elec- 
trodes in this embodiment) T protruded from the surface 
of the substrate 21 and functioning as external connec- 
tion electrodes are provided in a region surrounding the 
semiconductor chip C. 

rOlOO] The region, in which the semiconductor chip C 
or the projection electrodes T are not provided, cf the 
surface of the substrate 21 is resin-seaied with a pro- 
tective resin (for example, epoxy resin) 25. The protec- 
tive resin 25 reinforces the whole of the semiconductor 
device 20 and serves to prevent the projection elec- 
trodes T from being deformed. Since the surface of ihe 
semiconductor chip C : 3 opposed to the substrate 21 
and the side surfaces oi the semiconductor chip C are ' 
sealed with the protective resin 25, the semiconductor 
chip C is proiected from outside. 
[0101] In this embodiment, the protective resin 25. the 
head surfaces of the projection electrodes T and the in- 
active surface Cb of the semiconductor chip C are in the 
same plane. 

[01 02] Figs. 1 1 (a) to i 1 (e) are sectional views show- 
ing steps in order of- fabricating the above-mentioned 
semiconductor device. Fig. 1 1 fa) shows a semiconduc- 
tor chip bonding step. A wiring pattern is preiiminarily 
formed on the substrate 21 such as a polyimide sub- 
strate, for example, by copper electrolytic plating or the 
like. On the wiring pattern, a plurality of projection elec- 
trodes T are formed (electrode forming step). A plurality 
of semiconductor chips C are bonded face-down onto 
the surface 21 a of the substrate 21 on which the projec- 
tion electrodes I are formed. That is, each ot the sem- 
iconductor chips C is bonded, through bumps B formed 
thereon, onto -he substrate 2 1 with its active surface Ca 
i.e. the surface on the active surface layer side on which 
elements such as a transistor and a resistance are 
formed being opposed to the substrate 21 , and the sem- 
iconductor chips C are electrically connected to the wir- 
ing pattern formed on the substrate 21 . As a result, the 
semiconductor chips C are eiectricaily connecied to the 
projection electrodes T through the wiring pattern 
formed on the substrate 21. 

[0103] The semiconductor chips C bonded onto the 
substrate 21 have a rather large thickness, for example, 
about 300 urn to 700 ujn. Such semiconductor chips C 
can be obtained by dividing a 300 u.m to 700 u.m thick 



semiconductor wafer (not shown) by a dicing saw. Such 
a sufficiently thick wafer are not broken or chipped off in 
the dicing step. In addition, the thick semiconductor 
chips C obtained through the dicing step are net broken 
5 or chipped off in the subsequent handling process for 
bonding the same onto the substrate 21 . 
[0104] After the semiconductor chips C are bonded 
onto the substrate 21 , a liquid resin (underfill) is injected 
into spaces between the active surfaces Ca and the sub- 
10 strate 21 at need. 

[0105] Fig. 11(b) shows a resin sealing step per- 
formed subsequently to the sem iconductor chip bonding 
step. In this resin sealing step, a metal mold (not shown) 
is used. Formed in this metal mold is a cavity for wholly 
'5 containing the semiconductor chips C bonded onto the 
substrate 21 and the projection electrodes T provided 
around the semiconductor chips C. And the semicon- 
ductor chips C on the substrate 21 and the projection 
electrodes are wholly sealed with the protective resin 
25 (resin sealing step). Thereby, the side walls 32 and 
the inactive surface Cb in opposite to the active surface 
Ca of each semiconductor chip C are covered with the 
■protective resin 25, and each projection electrode T is 
wholly embedded in the protective resin 25. Further, the 
25 side portions of the space between each active surface 
Ca and the substrate 21 are sealed with the protective 
resin 25.. so that the active surface Ca is protected. 
[0106] however, in this resin sealing step, the head 
ponion of each orojection electrode T and/or the back 
30 side (inert surface) Cb cf each semiconductor chip C 
maybe left exposed from the protective resin 25. 
[0107] Fig. 11(c) shows a grinding step oerformed 
subsequently to the resin sealing step and after the pro- 
tective resin 25 is hardened. In this grinding step, grind- 
& mg is carried out to a grinding target thickness To using 
a grinder. Thar is, the protective resin 25 is ground and 
thereby the inactive surfaces Cb of semiconductor chips 
C are exposed. Afterthat, grinding of the protective resin 
25 and grinding of the inactive surface Cb side of the 
semiconductor chips C are simultaneously carried out, 
to reach the grinding target thickness To. The grinding 
target thickness To is set so that the thickness t of the 
semiconductor chip C after being ground becomes, for 
example, about 100 u,m to 200 u,m. 
45 [0108] Then, as shown in Fig. 11(d), the protective 
resin 25 and the substrate 21 are cut along cutting lines 
D provided between semiconductor chips C e.g. using 
a dicing saw 35, thereby pieces of semiconductor de- 
vices 20 being cut out as shown in Fig. 11(e). In each 
so semiconductor device 20 cut out by this cutting out step, 
the whole of the side walls of the semiconductor chip C 
are covered with the protective resin 25. The upper sur- 
face 25a of the protective resin 25 and the inactive sur- 
face Cb after being ground are in the same plane, and 
55 the corners of the semiconductor chip C is covered with 
the protective resin 25, so that the semiconductor chip 
C is protected in any portion thereof. 
[0109] In each piece of semiconductor device 20 thus 
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cut out, as shown in Fig. 11(e), through holes 27 are 
p rovided at n eed in the substrate 2 1 at the positions right 
below the base portions of the projection electrodes T. 
These through holes 27 are provided so that electric 
connection can be made from the back side of the sub- 
strate 21 to the projection electrodes T through the 
through holes 27. y 
[01 1 0] Further as shown in Fig. 1 1 (f) ; e.g. solder balls 
28 are formed at need in the through holes 27 by being 
transferred by printing. The solder ball 28 is connected 
at need to the wiring pattern 33 formed on the surface 
21a side of the substrate 21 through the through hole 
27 by reflowing, as shown in Fig. 12. The semiconductor 
chip C is connected through a bump B to this wiring pat- 
tern 33, and the projection electrode T is bonded to the 
wiring pattern 33 at another position. 
[0111] Fig. 13 is a perspective view explaining three- 
dimensional packaging or mounting of the above-men- 
tioned semiconductor devices 20. On the surface of the 
packaging or mounting substrate 50, a print wiring 51 is 
formed of copper or the like and a packaging region 52 
of the semiconductor devices 20 is set. On the packag- 
ing region 52, a plurality of semiconductor devices 20 
are stacked and packaged. The plurality of semiconduc- 
tor devices 20 may contain the same or different kinds 
of semiconductor chips C, respectively. 
[0112] The layers of semiconductor devices 20 are 
electrically connected to one another by connecting the 
projection electrodes T of the layers of semiconductor 
devices 20 to one another through the through holes 27 
in the substrates 21 thereof (refer to Figs. 11(a) to 11(e) 
and Fig. 12). And the layers of semiconductor devices 
. 20 are electrically connected to a circuit on the packag- 
ing substrate 50 by connecting the projection electrodes 
T of the lowest layer (the closest layer to the packaging 
substrate 50) of semiconductor device 20 to the print 
wiring 51 on the packaging substrate 50 through the 
through holes 27. The connection of the layers of sem- 
iconductor devices 20 to one another and the connec- 
tion of the lowest layer of semiconductor device 20 to 
the print wiring 51 are achieved by melting the solder 
balls 28 through reflowing. 

[0113] According to this embodiment, as mentioned 
above, a thin-type semiconductor package is realized 
by providing a semiconductor chip C and projection 
electrodes T on the same surface side of a substrate 21 
and resin-sealing them. Therefore, it is not necessary to 
pull leads outward of the package, so that the occupied 
area on the packaging substrate 50 is reduced. Further 
since the three-dimensional packaging or mounting of 
the semiconductor devices 20 is achieved by providing 
through holes 27 in the substrate 21 , it is not necessary 
to individually bond leads of each layer of semiconduc- 
tor device 20 to the packaging substrate, unlike the 
aforementioned conventional art. Accordingly, the 
three-dimensional packaging of the semiconductor de- 
vices 20 can be extremely simply achieved. 
[01 1 4] Further, the projection electrodes T, being sur- 



rounded by the protective resin 25 (insulator), are elec- 
trically stable without generating leak current or the like, 
and mechanically stable without being deformed or bro- 
ken. 

5 [0115] Further, by using the projection electrodes T, 
the wiring distance between the semiconductor chip C 
of an upper semiconductor device and a lower semicon- 
ductor chip C becomes short, and advantageously, 
highly speeding up of the electrical operation can be re- 

10 alized. 

[0116] When specified projection electrodes T of a 
specified semiconductor device 20 of the plurality of ver- 
tically stacked semiconductor devices 20 are desired to 
be independently connected to the packaging substrate 

'5 50, the structure shown in Fig. 14 can be adopted. That 
is, on the substrates 21 of the lower semiconductor de- 
vices 20 than the specified semiconductor device 20, 
indeoendent (i.e. electrically unconnected to the semi- 
conductor chips C of the lower semiconductor devices 

20 20 than the specified semiconductor device 20) junction 
projection electrodes Tc are provided at the positions 
corresponding to the specified projection electrodes T. 
Thereby, the specified projection electrodes T of the 
specified semiconductor device 20 can be connected 

25 through the junction projection electrodes Tc to the 
packaging substrate 50 independently of other semi- 
conductor devices 20. 

[0117] In the above-mentioned description of this em- 
bodiment, a plurality of semiconductor devices 20 hav- 

20 ing the same size semiconductor chips C respectively 
are stacked and three-dimensionally packaged. Howev- 
er, by aligning projection electrodes T as shown in fig. 
15, a plurality of semiconductor devices 100 containing 
different-sized semiconductor chips C respectively.can 

35 be three-dimensionally packaged similarly to the above- 
mentioned embodiment. 

[0118] Further, in the abovementioned embodiment, 
the semiconducior devices 20, 100 are packaged or 
mounted face-up on the packaging substrate 50 with the 

40 semiconductor chips C thereof in the upward position. 
However, the semiconductor devices 20, 100 may be 
packaged or mounted face-down on the packaging sub- 
strate 50 with the semiconductor chips C thereof op- 
posed to the packaging substrate 50. 

^5 [01 19] Further, in the above-mentioned embodiment, 
the solder balls 28 are provided in the through holes 27 
in the substrate 21 . However cream solders, instead of 
the solder balls 28, maybe provided in the through holes 
27 to be connected to the packaging substrate 50 or an- 

50 other layer of semiconductor device 20 by reflowing. 
[0120] Further, in the above-mentioned embodiment, 
the protective resin 25. the projection electrodes T and 
the inactive surface Cb of the semiconductor chip C are 
in the same plane. However, the head portions of the 

55 projection electrodes T may be protruded from the upper 
surface of the protective resin 25, as in the eighth em- 
bodiment shown in Fig. 16. Further, the inactive surface 
Cb side of the semiconductor chip C may be protruded 
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from the upper surface of the protective resin 25 ; as in 
the ninth embodiment shown in Fig. 1 7. The structure 
shown in Figs.1 6 or 1 7 can be fabricated by sufficiently 
thinning the protective resin 25. In this case, if the pro- 
tective resin 25 tends to adhere to the head portions of 
the projection electrodes T, the protective resin adhered 
to the head portions of the projection electrodes T can 
be removed by polishing or grinding using a grinder or 
the like or etching. 

[0121] Further, in the above-mentioned embodiment, 
one semiconductor chip C is bonded onto the substrate 
21 to fabricate the semiconductor device 20 s 1 00. How- 
ever, it is possible to bond two or more semiconductor 
chips C in common onto a substrate 21 so as to fabricate 
a semiconductor device 25 containing more than one 
semiconductor chip C. 

[01 22] Further, in the above-mentioned embodiment, 
the projection electrodes T are cylindrical, but they may 
be in ihe form of bumps. 

[0123] Further, in the above-mentioned embodiment, 
in the manufacturing process, plurality of semiconductor 
chips C are resin-sealed as a whole, bui every semicon- 
ductor chip C or every two or three -i.e. a predetermined 
plurality of) semiconductor chips C maybe resin-sealed. 
[0124] Further in the above-mentioned each embod- 
• irnenL mechanical grinding using a grinder is performed 
in ihe grinding siep ! but the grinding step may comprise 
a chemical grinding step using an etching liquid or a 
chemical and mechanical polishing step such as CMP 
(chemical and mechanical polishing) method. Hcwever, 
since the grinding speed is made more account of than 
the grinding precision in grinding or polishing the inac- 
tive surface side of the semiconductor chip C, the me- 
chanical grinding method using a grinder is the most 
preferable among the above-mentioned three .nethods 
horn a viewpoint of improving the manufacturing effi- 
ciency. 

[0125] The resin and the inactive surface of the sem- 
iconductor chip mechanically ground by a grinder will 
have grinding traces thereon. However, such grinding 
traces can be cleaned at need by a cnemical method 
such as etching or the like. 

[0126] Further, in the above-mentioned embodi- 
ments, a dicing saw is used in the cutting out step for 
cutting out pieces of semiconductor devices. However, 
other cutting methods such as cutting with laser beam 
may be applied. 

[0127] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 
that the same is by way or illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of ihe present invention being iimited oniy by the 
terms of the appended claims. 

[0128] This application corresponds to the Japanese 
Patent Applications No. 11 -23561 9 and No.1 1-235620 
filed in the Japan Patent Office on August 23, 1 999, No. 
11-257589 filed in the Japan Patent Office filed on Sep- 
tember 10, 1999 and No. 11-292703 filed in the Japan 



Patent Office on Oc-ober 14, 1999 : the whole disclo- 
sures of these applications being incorporated herein by- 
reference. 

5 

Claims 

1. A method for manufacturing a semiconductor de- 
vice, comprising: 

w 

an electrode forming step of forming projection 
electrodes on a surface of a semiconductor 
substrate, 

a step of forming a protective resin layer on a 
75 whole region of the surface of the semiconduc- 

tor substrate provided with the projection elec- 
trodes, 

a back side grinding step of thinning the semi- 
conductor substrate by pciishing or grinding a 
-° back sice of the semiconductor substrate, and 

a surface grinding step of exposing the projec- 
tion electrodes by polishing or grinding the sur- 
face side of the semiconducior substrate. 

>5 2. A method for manufacturing a semiconductor de- 
vice as claimed in claim 1 , in which 

. elements constituting a plurality of semicon- 
ductor devices are formed on the semiconduc- 
0 tor substrate, and 

a plurality of groups of projection eiectrodes for 
the plurality of the semiconductor devices are 
formed in the electrode forming step, 
ihe method further comprising a cutting out step 
5 of cutting out pieces of semiconductor devices 

by cutting the semiconductor substrate after 
completing the surface grinding step and the 
back side grinding step. 

? 3. A method for manufacturing a semiconductor de- 
vice, comprising: 

a step of forming a surface resin layer on a sur- 
face of a semiconductor substrate, 
a step of forming a back side resin layer on a 
back side of the semiconductor substrate, and 
a back side grinding step of thinning the semi- 
conductor substrate by removing the back side 
resin layer, through polishing or grinding, from, 
the semiconductor substrate provided with the 
surface resin layer and the back side resin lay- 
er, and by further polishing or grinding the back 
side of the semiconductor substrate from which 
the back side resin layer has been removed. 

55 

4. A method for manufacturing a semiconductor de- 
vice as claimed in claim 3, further comprising 

a cutting out step of cutting out pieces of sem- 
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iconductor devices by cutting the semiconductor 
substrate along cutting lines after completing the 
back side grinding step. 

5. A method for manufacturing a semiconductor de- 
vice as claimed in claim 3 or 4, further comprising 

a step of forming projection electrodes on the 
surface of the semiconductor substrate before 
forming the surface resin layer. 

6. A method for manufacturing a semiconductor de- 
vice as claimed in claim 5, in which 

the surface resin layer is formed in such a 
manner that the projection electrodes are embed- 
ded in the surface resin layer. 

7. A method for manufacturing a semiconductor de- 
vice as claimed in claim 5 or 6, further comprising 

a surface grinding step of exposing the pro- 
jection electrodes from the surface resin iciyer by 
polishing or grinding the surface resin layer. 

8. A method for manufacturing a semiconductor de- 
vice as claimed in claim 7, in which the surface 
grinding step is performed before the back side 
grinding step. 

9. A method for manufacturing a semiconductor de- 
vice as claimed in any of claims 3 to 8, in which the 
surface resin layer and the back side resin layer are 
so formed as to have substantially the same thick- 
nesses respectively. 

10. A semiconductor device comprising 

a solid device, 

a semiconductor chip bonded onto a surface of 
the solid device, 

projection electrodes for external connection 
formed on the surface of the solid device, and 
a protective resin iayer for sealing the surface 
of the solid device with head portions of the pro- 
jection electrodes thereon exposed. 

11. A semiconductor device as claimed in claim 10, in 
which the solid device includes another semicon- 
ductor chip. 

12. A semiconductor device as claimed in claim 10 or 
1 1 , in which the semiconductor chip is bonded face- 
down onto the solid device with an active surface of 
the semiconductor chip opposed to the solid device. 

13. A semiconductor device as claimed in claim 10, in 
which the solid device includes a substrate. 

14. A semiconductor device as claimed in claim 13, in 
which the semiconductor chip is bonded face-down 



onto the substrate with an active surface of the sem- 
iconductor chip opposed to the substrate. 

15. A semiconductor device as claimed in claim 13 or 
5 14, in which the substrate is provided with through, 

holes enabling the electrical connection from a back 
side of the substrate to base potions of the projec- 
tion electrodes. 

10 16. A semiconductor device as claimed in claim 15, in 
which the through holes are provided right below 
the projection electrodes. 

17. A method for manufacturing a semiconductor de- 
15 vice, comprising: 



a chip bonding step of bonding a plurality of 
semiconductor chips face-down onto a surface 
of a semiconductor substrate with active sur- 
faces of the semiconductor chips opposed to 
the surface of the semiconductor substrate, 
an electrode forming step of forming a plurality 
of projection electrodes on the surface of the 
semiconductor substrate, 
a resin sealing step of sealing, with a protective 
resin, the semiconductor chip and the exposed 
surface of the semiconductor substrate after 
forming the projection electrodes in such a 
manner that head portions of the projection 
electrodes are exposed, and 
a cutting out step of taking out individual pieces . 
of chip-on-chip type semiconductor devices by 
cutting the semiconductor substrate along pre- 
determined cutting lines. 
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18. A method for manufacturing a semiconductor de- 
vice as claimed in claim 17, in which the resin seal- 
ing step includes an electrode exposing step of ex- 
posing the head portions of the projection elec- 
trodes by removing a surface layer section of the 
protective resin. 

19. A method for manufacturing a semiconductor de- 
vice as claimed in claim 18 ; in which the electrode 
exposing step includes a chip grinding step of si- 
multaneously polishing or grinding the protective 
resin and an inactive surface side of the semicon- 
ductor chip. 

20. A method for manufacturing a semiconductor de- 
vice as claimed in any of claims 17 to 19, in which 
a back side of the semiconductor substrate or an 
inactive surface side of the semiconductor chip is 
polished or ground before the cutting out step. 

21. A method for manufacturing a semiconductor de- 
vice as claimed in any of claims 17 to 20, in which 
the projection electrodes are formed to be higher 
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than the active surface of the semiconductor chin 
and lower than an inactive surface of the semicon- 
ductor chip. 

22. A method for manufacturing a semiconductor de- 5 
vice, comprising: 

a chip bonding step of bonding a semiconduc- 
tor chip face-down onto a surface of a substrate 

with an active surface thereof opposed to the w 
surface of the substrate, 

an electrode forming step of forming projection 
electrodes on the surface of the substrate so 
as to be protruded from the surface of the sub- 
strate, and 

a resin sealing step of sealing, with a protective 
resin, the semiconductor chip and the projec- 
tion electrodes in such a manner mat head por- 
tions of the projection electrodes are exposed. 

21 

-23. Amethodformanufacturing a semiconductor device 
as claimed in claim 22, in which 

a plurality of semiconductor chips are bondei 
onto the substrate in the chip bonding step, and ?s 
a plurality of groups of projection electrodes 
corresponding to the plurality of semiconductor 
chips are formed in the electrode forming step 
the method further comprising a cutting out step 
of takmg out individual pieces of semiconductor 30 
devices by cutting the substrate along prede- 
termined cutting lines. 

24. Amethodformanufacturing asemiconductordevice 

as claimed in claim 22 or 23, further comprising a as 
step of rorming through holes enabling an electrical 
connection from a back side of the substrate ic base 
portions of the projection electrodes. 

25. Amethodformanufacturingasemiconductordevice 40 
as claimed in any of claims 22 to 24. in which the 
resin seal.ng step includes a step of sealing with a 
protective resin, the projection electrodes and the 
semiconductor chip and a step of removing a sur- 
face layer section of the protective resin so as to « 
expose the head portions of the projection elec- 
trodes. 
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